SUMMARY In a multicentre case-control study of necrotising enterocolitis risk factors were found to vary with birthweight of cases. In very low birthweight cases the risk factors identified were those associated with prolonged or recurrent hypoxia ( 
Necrotising enterocolitis (NEC) of neonates is a relatively common and life threatening disease of unknown aetiology, characterised by necrosis of the intestinal mucosa. Specific symptoms and signs include abdominal distension, blood per rectum, and gas formation within the bowel wall. Only two epidemiological features of NEC have been well defined; both the incidence and the age of onset of disease are inversely related to gestational age and birthweight. [1] [2] [3] CPAP, was significant once the effect of recurrent apnoea was controlled. When respiratory distress, UA catheterisation, mechanical ventilation, and CPAP were examined it was found that respiratory distress was significant independent of mechanical ventilation and UA catheterisation but not of CPAP. Neither UA catheterisation, mechanical ventilation nor CPAP was significant independent of respiratory distress. Low Apgar scores and endotracheal intubation at birth were not significant risk factors. In order to examine the possibility that despite controlling for birthweight in the model fitting analysis there was a residual confounding effect, we separately analysed 18 of the 34 case-control sets in which the birthweights of controls were also < 1500g. A significantly greater proportion of these cases had UA catheterisation, recurrent apnoea, and CPAP than their <1 500g controls ( This was confirmed in our study in which controls were matched for length of stay. In VLBW cases the risk factors identified were recurrent apnoea, respiratory distress, CPAP, mechanical ventilation, and UA catheterisation. The association of NEC with assisted ventilation could be explained by their use in the management of recurrent apnoea, and to some extent with respiratory distress. UA catheterisation is commonly used in the management of prolonged respiratory problems, but its association with NEC appeared to be independent of recurrent apnoea, though not of respiratory distress. The occurrence of birth asphyxia (indicated by low Apgar scores and endotracheal intubation at birth) did not significantly increase the risk of NEC. These findings could not be explained by birthweight differences between cases and controls since this was controlled in the analysis, and the observations were confirmed in a subgroup in which controls were, by chance, also < 1500g.
In cases who weighed 2 2000g at birth, recurrent apnoea and respiratory distress were rarely diagnosed, and these problems, and also assisted ventilation, were not significantly associated with NEC. A low 1 minute Apgar score and endotracheal intubation were significant risk factors. When all cases > 1500g were considered, mechanical ventilation was significant. In addition, there was a significantly increased risk associated with umbilical vessel catheterisation and exchange transfusion.
In summary, the risk factors identified fell into two groups: those related to respiratory problems and those associated with umbilical vessel catheterisation. As birthweight increased respiratory risk factors shifted from variables associated with prolonged respiratory difficulties, ie, recurrent apnoea and respiratory distress, to those associated with birth asphyxia. Umbilical artery catheterisation was shown to be a risk factor in smaller infants, but this could be explained by its use in the management of respiratory distress. In larger infants UA catheterisation was associated with exchange transfusions and was a risk factor independent of respiratory problems.
The findings of our study are in broad agreement with the two previous UK case-control reports4 5 as well as with one from Canada,'7 although in these studies the interdependence of variables was not examined. Bunton et al,4 in a series of cases most of whom were of over 1 5OOg birthweight, identified birth asphyxia (1 minute Apgar < 5, 5 minute Apgar < 7 or intubation and ventilation for > 10 minutes) and also the use of umbilical vessel catheters as significant risk factors. Hyaline membrane disease was reported not to differ significantly between cases and controls. though using the published figures aX2 of 6-26 (p = 0-012) by the Pike and Morrow test for matched sets was the estimate closest to the null hypothesis that would be possible. Smith et al,5 in an outbreak in which 10 of 17 cases were > 1 500g, identified apnoea, umbilical artery catheterisation, idiopathic respiratory distress syndrome, intermittent positive pressure ventilation, and pneumonia as risk factors. Yu et al,'6 in a Canadian unit, examined risk factors within birthweight groups and found in VLBW infants that recurrent apnoea (although this is not referred to in a later review8), hypertonic feeding, and a moderately depressed 1 minute Apgar score were significantly associated with NEC, but hyaline membrane disease and umbilical catheterisation were not. In infants of 1500-2499g birthweight and 1 minute Apgar score of <4, shock and exchange transfusions were significant risk factors, but recurrent apnoea, hyaline membrane disease, and umbilical artery catheterisation were not. Our study supports the association with recurrent apnoea in VLBW infants, and low 1 minute Apgar score and exchange transfusion in heavier birthweight infants. Doubt has been cast on the role of bowel ischaemia in NEC by three large studies which did not identify associated risk factors.f8 Kliegman et al7 investigated VLBW infants admitted to one unit in the USA over four years and found only abruptio placenta to be a significant risk factor. Indeed, cases of NEC had a lower incidence of apnoea, umbilical artery catheterisation, and respiratory distress syndrome than controls. A smaller study by Wilson et aPi also failed to identify ischaemic risk factors in VLBW infants. In larger infants, hypoglycaemia and respiratory distress were commoner in cases than in controls.'0 From Australia Yu et al8 reported a similar study of VLBW infants, also with mainly negative findings. A large multicentre study of infants of < 1750g failed to identify risk factors other than low birthweight and maternal toxaemia during pregnancy (a negative correlation) but the factors evaluated in this study did not include recurrent apnoea, assisted ventilation or UA catheterisation.'8 They did evaluate 214 S R Palmer, S J Thomas, R WI Cooke, D C Low, W J Fysh, J F Murphy, G M Gandy and H R Gamsu low Apgar score, and delivery room resuscitation with negative results, but we found these to be significant only in infants of > l5OOg birthweight.
Such discrepancies in those risk factors identified by different authors are puzzling but not necessarily inconsistent with the hypothesis that ischaemia of the gut might have an aetiological role. We do not know the precise relation between bowel ischaemia and variables such as birth asphyxia or hyaline membrane disease, and bowel ischaemia may possibly occur in the absence of identified risk factors. We have no means as yet of directly measuring the injury to the bowel nor the extent of ischaemia, though the finding of reduced aortic blood flow in the fetus as a response to hypoxia suggests a causal mechanism for bowel ischaemia and subsequent NEC.'6 It is possible that differences in the incidence and management of respiratory disorders between patient populations may produce conflicting results despite a common aetiology of NEC. In support ofthis contention it may be noted that there is a great variation in incidence of risk factors in the control populations appearing in other reports. For example, in the study of Kliegman et al7 75% ofVLBW controls had UA catheters; in the Australian study8 the figure was 70%. However only 40% of VLBW controls in our study had UA catheters, and in the Canadian study of Yu et all 7 the figure was 39%. The incidence of patent ductus arteriosus in controls was only 12% in the study of Yu et all' but in the later Australian study8 it was 43%.
There were other significant differences between study control populations which emphasise the caution that should be exercised when comparing results from different studies. Future studies should focus on the dynamics and interactions of risk factors. Attention should also be given to developing more direct measures of gastrointestinal perfusion.
We believe that our results confirm that it is prudent to manage neonates on the basis that hypoxia and umbilical vessel catheterisation may contribute to the pathogenesis of NEC.
